Introduction
important for risk analysts to determine the tails of distributions and identify the best fitting 74 distribution to decide appropriate probabilities of occurrence.
76
In this paper, the statistical characteristics of 1,093 water infrastructure projects delivered by a 77 large public utility company are analyzed to determine their:
78

79
• likelihood and size of cost overruns /underruns arising in future projects;
80
• empirical distribution of the dataset; and
81
• 'best fit' probability density function (PDF) so that the probabilities of overruns or underruns 82 can be determined.
84
The research presented moves beyond examining the cost performance of heterogeneous datasets There has been a widespread campaign for using the 'outside view' advocated by Flyvbjerg et al.
126
(2002), which is founded on the notion that optimism bias (i.e. the underestimation of risks and 127 overestimation of benefits) and strategic misrepresentation (i.e. deception) as they are perceived
128
to be the key constituents that contribute to cost overruns in projects. While there are grounds for 129 this argument put forward, the evidence presented lacks credibility and is unscientific; no evidence is a result of optimism bias and strategic misrepresentation.
135
In support of an 'inside view', which focuses on specific planned actions, Love et al. (2012) 136 suggest that cost overruns arise as a result of a series of pathogenic influences, which lay dormant 137 within the project system. However, before such influences become apparent, participants often on about 50-60% completed scope design and is used for evaluation of tenders after which detailed 176 design is carried out by the selected contractor in a sort of design and build contract framework.
178
The data collection process involved an initial shadowing of the tendering and estimation 179 procedure within the organization. The researchers were allowed to be quasi-members of the 180 tendering team of the company on some of its projects to observe how the estimates were produced.
181
It was also an opportunity to gain a first-hand understanding of how the data to be used in the distributions of cost overruns need to be examined to determine their 'best fit' probability so that 232 an appropriate construction contingency sum can be determined. In this case, by determining the 'best fit' probability distribution for the homogenous sample provided, the likelihood of a portfolio 234 of projects meeting their desired cost performance can be attained. projects' relate to infrastructure works that collect, treat, store and distribute drinking water.
253
Project schedule was not included in the analysis as there is a proclivity for it to be contained Budget' and 'Final Cost' were computed using the software EasyFit 5 and the probability of an 261 overrun/underrun being experienced for future projects were identified for this client organization.
262
A PDF for a continuous random variable, X, between the interval [a, b], can be expressed as the 263 integral function:
A CDF was also produced. For theoretical continuous distributions, the CDF is expressed as a 267 curve and denoted by:
The empirical CDF, which is displayed as a stepped discontinuous line and dependent on the 272 number of bins ( ), is represented by:
The PDF, CDF and distribution parameters such as ( ) were examined for Smirnov test. The Anderson-Darling statistic is defined as:
Determines if a sample comes from a population with a specific 294 distribution. The Chi-squared statistic is defined as:
where is a positive integer that specifies the number of degrees of freedom; Oi is the observed 298 frequency for bin I; and Ei is the expected frequency bin i calculated by:
Here, F is the CDF of the probability distribution being tested, and 1 , 2 are the limits for the bin 302 i.
304
The above 'Goodness of Fit' tests were used to test the null (Ho) and alternative hypotheses (H1) 305 that the datasets: H0 -follows the specified distribution; and H1 -does not follow the specified 
Results
318
Of the 1,093 projects provided by the water authority, it was revealed that 656 projects experienced 319 a cost overrun, one was delivered on budget and 436 experienced an underrun (Table 1 ). In Figure   320 1, the 'cost performance' of the entire sample in relation to cost overruns and underruns are 321 displayed using a Logarithmic scale. In this instance, 'cost performance' is the ability of an 322 organization to ensure its project portfolio for a given period does not exceed the 'Final Approved ANOVA was used to test the 'cost performance' for the sample per annum for differences.
327
Notably, for any given year a project was undertaken, Levene's test of homogeneity of the 328 variances was found not to be violated (p < 0.5), which indicated the population variances for each 329 group of project size were equal. (Table 2) .
343
The correlation analysis revealed that cost overruns and project size were significantly related (p 344 < 0.01). Thus, smaller projects in this sample were prone to higher cost overruns than larger ones.
345
Contrastingly, Levene's test of homogeneity of the variances were found to be violated (p < 0.5) for cost underruns, which indicated the population variances for each group of project size were 347 equal, as the ANOVA revealed, F (5, 430) = 1.541 (p < 0.5).
349
Other than project size, previous research has identified that 'location', 'purpose', 'partner' and
350
'scope' do not significantly vary with water infrastructure projects (Baccarini and Love, 2014).
351
However, the sample size in this research was considerably larger than previous studies (e.g.
352
Baccarini and Love, 2014) and therefore differences between these variables were examined. organization that were charged with delivering projects (p <0.5).
386
In the case of cost underruns, the ANOVA analysis revealed that Levene's test of variance for
387
'location', 'purpose' and 'partner' was found not to be violated (p < 0.5), which demonstrated that 388 these variables do not significantly influence the propensity for assets to be delivered under budget. The 'best fit' probability distribution for 'cost performance' was examined using the 'Goodness of probabilities for cost performance' were then determined using the Cauchy PDF function which is 420 defined as:
The CDF is expressed as:
Using the Cauchy PDF the probability of obtaining a cost performance < M -0.77% of the 'Final
426
Approved Budget' was 41%. In addition, the probability of obtaining between 5 and 10% increase 427 in CAPEX is 12%. Notably, the probability of attaining < 5% increase in CAPEX is 57%, and > 428 10% was 31%. Table 4 . The probability of a cost overrun being < M of 19.99% 465 is 66%. Moreover, the probability of a 50 % cost overrun being > is 12%. (Table 3) . Table 4 presents the probability of cost overruns being experienced. The probability of a cost 485 underrun being < M of -32.0% is 28%. Moreover, the probability of a -50% cost overrun being 486 experienced > is 81%.
488
Discussion
489
The homogenous dataset of water infrastructure projects delivered by a water authority using a 490 common contractual delivery method has enabled the results that were obtained to be compared to within water authority charged with delivering the respective project within the specified location.
494
As noted above, this may be due to the size of the sample, though the M 'cost performance' This view is simply conjectured, as no direct evidence was made available to the researchers.
554
However, it is a worthy area for future investigation considering the lack of empirical work in this 
Research Limitations
560
The research presented in this paper has focused on profiling cost overruns as well as underruns 561 for an asset owner who supplies water infrastructure within the UK. The dataset was homogenous 562 and therefore the probability distributions developed may not be generalizable. In addition, the 563 research did not focus on the causes of cost overruns or underruns. While a causal explanation 564 provides a context and assists with understanding the problem at hand, the issue is complex. and it is an issue that will be examined in future research using situational sense-making and 574 probabilistic theory. The acquisition of such understanding will then provide the basis for the 575 establishment of reliable benchmarks and probabilities. 
Conclusions
578
Asset owners who regularly procure, maintain and operate infrastructure are required to manage 579 the portfolio of projects that they undertake to ensure annual financial budgets meet their pre-580 defined objectives. Yet, there has been a tendency to use deterministic approaches to manage risks, 581 particularly the construction contingency, which has not been able to accommodate the uncertainty 582 that may arise during on-site operations. Final Approved Budget (₤ million) Probability P(X < X1) P(X > X1) P(X1< X < X2) P(X < X2) P(X >X2)
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